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Somp years since! I examined the shells of a series of Pomatias elegans
from Ashtead in Surrey for sexual characters and found that the
females were longer and wider than the males, but not more tumid,
i.e. the ratio of length to breadth was the same in the two sexes.
In the present communication I give the results of the examination
of some 400 specimens, collected on about a hundred yards length of
chalky hedge bank in the parish of St. Stephen, near Aldenham,
in Hertfordshire, on 28th June and 1st July, 1916, when they were
crawling freely on the surface after rain. All specimens found
were taken without selection. The two lots were analysed separately,
but no significant difference was found in any respect and they are
treated below as forming one series.? ‘
The shells were measured with sliding callipers to 0°1 mm., the
length (altitnde) being taken parallel to the axis of the shell and
the breadth (diameter) at right angles to the length. The fraction

altitude . . - .
ali_ifﬂczt_l %X 100 gives a measure of tumidity. These figures do not of
S er

course afford a complete description of the shells; with regard to
the shape of whorls, depth of suture, size and shape of mouth, and
the like, I ean only say that by visnal inspection I can detect no
difference between males and females,

In compuaring males and females it is necessary in the first instance
to take only mature specimens, and as the criterion of maturity
the completion of the peristome has been used.® There will obviously
be a certain number of specimens in which it is a matter of opinion
rather than of fact whether the peristome is complete or not; but
such specimens are few in number, and, noting also the texture
of the edge of the shell and the depth within the mouth where
the operculum makes a good fit, there does not seem to be much
danger of any substantial inconsistency in the determination of
maturity, at any rate within the same series of shells examined at

b Journal of Conchology, vol. xii, 1909, p. 323.

2 e.g. in the first lot males formed 54 per cent of 130 mature specimens, in the
second 61 per cent of 187, a difference easily compatible with the two lots
being random samples of the same series.

2 1 do not know whether sexual activity is restricted to individuals which are
mature by this standard ; anatomically the sexual apparatus seems to be
pretty fully developed in the larger immature specimens (e.g. in many of
the males of 11-5 mm. altitude). In species where the growth of the shell
reaches a definitive termination (e.g. Tachea), completion of the shell
seems to preeede sexual action. The six pairs taken in cop. in the present
series were all mature.
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one time. Unless otherwise stated, the following refers to specimens
judged to be mature in this way.
Of 317 specimens, 184 (58 per cent) were males and 133 (42 per cent)
females.
I. Arrirope AND DIAMETER.

“=The altitudes and diameters, distributed in convenient groups of
0:3 mm., are shown in the table, which gives also the relation between
altitude and diameter for each group.

DIAMETER mm.
@® = - = R G2 X @ @ i g
. - L =3 =] = (=1 - — . —
o (=2 [~} (=} — - - — — - 2] < |-
b & & b b 4 4 e 4 |5 8|8
@ & & & & & 5 2 a =z2|f &8
12:0-12-2 3+o 3 3
12-3-12-5°(44+0 7T74+0 1+o 12 12
g 12-6-12:8 [8+0 1140 1140 4+o 34 34
g 12:9-13-1 5+o 11to 9+0 3+o 28 28
13-2-134 [1+0 8+o0 19+1 17+1 5+o 1+o 46 2 | 48
8 18:5-13-7 i+2 20+7 1346 2+3 0+1 39 19|58
p 13-8-14-0 7+2 T7+6 5+6 0+3 19 17 | 36
B 14-1-14-3 0+3 2+13 0+7 0+6 0+s 2 31|36
S 14-4-14-6 140 0+x O+10 0+7 0+5 O0+1 1 24 | 25
< 14:7-14-9 0+2 0+6 0+3 0+4 0+2 17 |17
15-0-15-2 0+r 0+6 0+3 0+1 11 | 11
15:3-15-5 0+3 0+3 0+1 717
15-6-15-8 0+1 0+1 2 2
Males. . ,| 13 29 46 58 30 8 ‘184
Females . . 3 13 28 33 29 20 6 1 } 133
Total . . .| 13 29 49 71 58 41 29 20 6 1 i 317

‘13 + 67"= 13 males, 6 females.

Further analysis of these figures gives the following summary
results : —

ALTITUDE mm.
Standard  Coefficient

Max, Min. Mean. deviation. of variation.
Males o 14°5 12-1 1321 0470 36
Females . 15-8 132 14-36 0:539 38
Total . 158 12°1 1369 0-707 52
DIAMETER mm.
Males . 10-3 86 944 0376 4-0
Females . 114 92 1026 0435 42
Total 5 114 8°6 978 0571 58

It is clear from these results! that the females are definttely larger
than the males. Of the males 77 of 184 (42 per eent) are smaller (in
altitnde) than the smallest female, and of the females 47 of 13

! For statistical methods and the interpretation of the results I have followed
G.U. Yule, Introduction to the Study of Statistics (2nd ed., London, 1912),
where a plain account of the methods of testing the validity of numerical
differences will be found.



BOYCOTT : SEXUAL CHARACTERS IN POMATIAS ELEGANS. 129

(35 per ecent) are larger than the largest male, the average female
being 1°2 mm. longer and 0-8 mm. wider than the average wmale. If
anyone therefore waunts to breed Pomatias it is probably safe to
assume that the largest shells are females and the smallest males;
about two-thirds might from their size be of either sex.

It would be a matter of much interest to determine whether there
1s any size seleetion in mating. In the present series only six pairs
were taken 2z cop.; in each case the male was smaller than the-
female : —

Male. Female. Male. Female.
135 137 132 152
126 137 13-4 146
13-4 146 129 135

II. Tomipiry oF SHELL.
. . 298 altitude .
Taking next the question whether the tumidity (»(1A1—1(~e index)
differs in the two sexes, we have the following figures, the shells
being gronped by altitude iuto half-millimetre groups :—

MALES. FEMALES. TOTAL.
Group. No. Mean index. No. DMeanindex. No. Mean index.
12:0-124 6 (139) — — 5 (139)
12:5-129 46 139 — — 46 139
13:0-13°4 71 140 p (141) 73 140
13-5-139 50 140 26 139 76 140
14°0-14°4 10 142 52 139 622 140
14°5-14-9 1 (149) 33 140 34 140
15°0-154 — — 16 142 16 142
15°5-15°9 _ - 4 (143) 4 (143)
Total . 184 140 133 140 317 140
7(1Av]t1tud_e 100. Males. Females. Total.
lameter
130-132 6 6 12
133-135 13 11 24
136-138 43 il 7+
139-141 61 35 96
142-144 44 36 80
145-147 14 13 27
148-150 2 1 3
151-153 1 0 1
Mean 5 o . 139°91 139-86 139-S8
Standard deviation . 3645 3951 3165
Coeflicient of variation 2-6 2-8 Y8

Taking the results as a whole, or dealing only with the groups
(135 and 14:0 mm. altitude) which eontain a fair number of both
males and females not differing very grossly in size, there is no
evidence that there is any sexual difference in tumidity. The index
has a low variability,’ and the evidenece that it varies with size is
indefinite, though there is some suggestion that the larger shells are
relatively more slender.

1 Corresponding with a high correlation (+0-92) between altitude and diameter.
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ITI. Weienr or SHELL.

The average weights of the shells with opercula (dried at 100° C.)
showed no difference between males and females except that due to
size.! In the 135 mm. group the sizes and weights are identical : in
the 14-0 mm. group the females (14°2 X 10-1) had larger shells than
the males (140X 9°9). Hence we may conclude that there is no
sexual difference in shell thickness.

GROUP. AVERAGE WEIGHT IN MILLIGRAMMES.
mm. alt. Males. Females.
12:5-12-9 154 —
13:0-13-4 169 —
13°5-13°9 186 186
140-14-4 198 205
14:5-14"9 = 230
15:0-154 -— 244
Total . . 171 213

IV. Rapura.

The bodies were used for various purposes; from 185 (112 males,
73 females) the radule were extracted by boiling with caustic soda
and mounted in Farrant’s solution. No sexual difference in the shape
or character of the teeth could be made out, and beyond three cases
with multicuspid centrals there seemed to be no gross variations; for
numerical examination the length of the radula and the number of
transverse rows of teeth were determined. The length is given in
arbitrary units, 12-8 of which equal T mm.

MALES. FEMALES.

Group. No Mean size DMean length  Mean No. ~o Mean size  Mean length Mean No.
Alt. of shell. - of shell. of radula.  of rows. o of shell. of radula,  of rows,

12:0-12°9 20 126x91 644 964 — — e

13-:0-134 37 132x95 697 99-2 - — —_
13:5-13°9 36 137x9'S 695 985 14 136x 97 709 99-1
14°0-14°4 10 140x99 699 1048 28 142x102 743 987
14:5-14-9 — — — — 20 14°7x106 76°7 98-8
150-154 — — — -— 11 15:3x107 17111 970
LENGTH.
Long. Males. Females. Total,
50-55 2 — 2
56-61 S — S
62-67 37 12 49
68-73 50 25 75
74-79 13 22 33
80-85 & 10 i
§86-91 — 3 3
92 — 1 1
Mean . . 6852 (8-35mm.) 73°89 (577 mm.) 70°63 (5:52mm.)
Standard
deviation . 5283 6426 6-330
Coefficient
of variation 7°79% S$7% 9-0%
Maximum . 64 mm, 72 mm. 72 mm.
Minimum . 4'0mm. 4'Smm. 4°0 mm.

! The weights are nearly proportional to the caleulated shell volumes, the ratio
volume to weight varying only from 2-5 to 2:6 on passing from the smallest
males to the largest females.
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NUMBER OF Rows.

Rows. Males. Females. Total.
78-85 12 3 15
§6-93 23 21 44
94-101 40 19 59
102-109 25 20 45
110-117 10 5 15
118-125 2 Y 4
126-129 2 1 3
Mean . . . . 9825 9829 9827
Standard deviation . 10°07 961 9-90
Coefficient of variation 10:29% 9-89% ORI
Maximum . . . 129 127 129
Minimum . . . 78 79 78

These figures show that the females have a larger radula than the
males but about the same number of transverse rows; in the malesthe
number of rows appears to increase as the shell beeomes larger, while
in the females it remains the same or even becomes less. Whether
the difference in length is due to the larger size of the females is
uncertain without more ample data for males and females of eqnal
size.! Relatively to the volume of the shell and the weight of the
body the female radula is obviously short and has few rows, but the
same is true of the larger males and females compared with smaller
individuals of the sume sex. The ratio of the volume of the female
shell to that of the mule is ubout 130 : 100.> The average weights of
a series of bodies dried at 100° C. are given below, the general ratio
being 138 : 100. On the whole, therefore, while the radula of the
females is slightly but elearly different from that of the males, it is
hardly legitimate to eall it a sexuul difference without clearer
exclusion of the size factor.

MALES. FEMALES.

n WO e e e G
12:0-12°9mm. 17 126 x 8°9 48 — — —
13-0-13°9 46 13:3x9°5 53 13 13:6x 98 62
14-0-14-9 6 14°1x 98 58 35 144 x 102 72
150-15°9 — — — 11 15:3x10°7 S7

V. SEx oF IMMATURE SPECIMENS.

Those of the dnmmature specimens whieh were 10 mm. or more in
altitude were examined for sex and gave 40 per eent males,® dis-
tributed as follows :—

1 Tt is obviously illegitimate to bring immature specimens into the comparison,
the radula being a feeding organ, and the amount of food required being
presumably quite different in growing and adult individuals.

2 j.e. assuming the shell is a regular cone with a base equal to the measured
diameter and a height equal to the measured altitude.

3 This does not satisfy the statistical test that there are really fewer males in
the immature than in the mature specimens (58 per cent).
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Group. Males. Females. Total.
10 mm. S 9 17
11 Y 12 2]}
12 11 15 26
13 3 9 I
14 0 1 1

Total 31 46 77

VI. Corour VariarioN IN SHELL.

Among the 317 mature specimens were 64 (20 per cent) of the pale
form (var. ochroleuca) and in the 77 immature 16 (21 per cent) ; there
is no evidence that this variety has any relationship to size or sex:—

MALES. FEMALES. TOTAL.
Group. Total No. No.of Total No. No. of Total No. No.of =per cent.
ochroleuca. ochrolewca. ochroleuca.

10 mm. S % 9 0 17 Y 1294
11 9 1 Iy 1 21 2 10

12 63 15 15 6 78 21 207

13 124 19 37 10 161 29 18

14 11 2 86 Rl 97 23 24

15 = —_ 20 3 20 3 15
Total . 215 39 (18% 179 41 (229%) 394 S0 209

VII. Summary.

(@) Females are larger than males.

(&) There 1s no difference in shape nor, allowing for size, in weight.

(¢) The female radula is longer, but has not more teeth, than the
male radula.

(d) The var. ockrolewca has no sexual significance.




